Introduction
============

An important component of the fracture risk is not only low bone mass but also many clinical risk factors (CRF) that contribute to skeletal fragility \[[@B1],[@B2]\]. Treatment intervention thresholds for prevention of osteoporotic fractures can be derived from criteria of the World Health Organization (WHO), minimum threshold with a lower score (-2.5) compared to the standard T-score. However, Wainwright et al. \[[@B3]\] reported the incident of hip fracture in 8,065 women with aged 65 year or older who were followed up to 5 years after bone mineral density (BMD) measurement. Among all participants, 17% had osteoporosis. Of the 243 women with incident hip fracture, 54% were not osteoporotic at start of follow-up. The women with osteopenia, however, have increased the risk of fracture \[[@B4],[@B5]\], and BMD alone could be overlooked treatment eligibility for fracture prevention.

In 2008, the FRAX tool has been developed by WHO for estimating individualized 10-year probability of hip and major osteoporotic fracture \[[@B1]\]. It is based on individual patient models that integrate the risks associated with CRF (prior fragility fracture, parental hip fracture, smoking, systemic glucocorticoid use, excess alcohol intake, body mass index, rheumatoid arthritis, and other secondary causes of osteoporosis) as well as BMD at the femoral neck \[[@B6],[@B7]\]. And the National Osteoporosis Foundation (NOF) recommended pharmacologic treatment to be considered in the osteopenia that had a 10-year hip fracture probability ≥3% or major fracture (humerus, forearm, hip or clinical vertebral fracture) probability ≥20% \[[@B8]\].

However, there is little disagreement for clinical application of the FRAX model. When BMD is included in the FRAX calculation, T-score of femoral neck must be used. Discordance between lumbar spine and femoral neck T-score is common and BMD input in the FRAX model has a large effect on the result \[[@B9]\]. Another issue is treatment eligibility for a high risk Korean patient with the fracture on osteopenia. The Health Insurance Review Agency (HIRA) in Korea identifies treatment eligibility using a simplified method based on a minimum T-score (-2.5) on a BMD examination or radiographic evidence of osteoporotic fractures \[[@B10]\]. The fixed T-score-dependent threshold for pharmacologic treatment is a simple and easy method for making national reimbursement decisions. And so, indeed the high risk Korean patient of the fracture with osteopenia could overlook pharmacologic treatment.

The purpose of this study was to determine the prevalence of high risk Korean patient with osteopenia who should take pharmacologic treatment according to Korean FRAX model and the NOF recommendation. In addition, we investigated the difference of the 10-year fracture probability whether BMD must be included or not in the Korean FRAX model.

Materials and Methods
=====================

The population for the study consisted of 369 individuals who checked a BMD in our hospital and were diagnosed as osteopenia from January 2008 to March 2011. Subjects who had already prescribed pharmacologic treatment for osteoporosis were excluded. The medical diagnoses were assessed through a combination of hospital discharge records (diagnoses and procedures coded using the Korean standard Classification of Diseases \[KCD\]-5). In this cross-sectional study, the survey was conducted telephone interviews for a questionnaire about the CRF of FRAX from January to March 2012. The risk factors included age, height, body weight, previous fragility fracture as an adult, family history of osteoporosis (parent with hip fracture), current smoking, glucocorticoid use, rheumatoid arthritis, secondary osteoporosis (examples given include type 1 diabetes, osteogenesis imperfecta in adults, untreated long-standing, hypothyroidism and hypogonadism or premature menopause) and more than 3 units of daily alcohol consumption. A prior fragility fracture was defined as a major osteoporotic fracture before a BMD examination. A diagnosis of rheumatoid arthritis was taken from physician office visits and/or hospitalizations with a relevant KCD-5 code in 3-year period prior to BMD examination. Prolonged corticosteroid use was defined as over 90 days dispended in the year prior to BMD examination at a mean prednisolone-equivalent dose of 7.5 mg or greater per day.

Proximal femur (femoral neck, total hip, and trochanter) dual-energy X-ray absorptiometry (DXA) scans were performed and analyzed in accordance to manufacturer\'s recommendations. Weight and height were recorded at the time of DXA examination. Furthermore, this study was approved by Institutional Review Board at the Kwangju Christian Hospital.

The patients were divided into two groups depending on age (under 65 years as group 1, over 65 years as group 2). The NOF guide recommends BMD examination for all women age 65 and older. And younger women whose fracture risk is equal to or greater than that of a 65-year-old white woman who has no additional risk factors \[[@B8],[@B11]\]. In Korea, The HIRA recommend BMD examination for women age 65 or older. Based on these backgrounds, we regarded age 65 years as the standard of categorization, 193 patients in group 1 and 176 patients in group 2. In all patients, 329 (89.1%) patients were female, 177 patients in group 1 and 152 patients in group 2. In group 1, the mean age of 53.7 years and 71.6 years in group 2. A 10-year probability of hip and major fracture was calculated using the Korean FRAX model with and without femoral neck BMD for each group. In both groups, the 10-year fracture probabilities derived without BMD were compared to those that included BMD.

Descriptive statistics include means and standard deviations (SD) for continuous variables. An independent *t*-test was used to compare the differences in age, height, weight, and femoral neck T-score between group 1 and group 2. Also, chi-square was used to compare differences in sex, previous fracture history, parents fracture history, smoking, alcohol, glucocorticoid, rheumatoid arthritis and secondary osteoporosis between group 1 and group 2. A paired *t*-test was used to compare difference of 10-year probabilities of fracture between FRAX model without T-score and with T-score. Statistical analyses were performed with SPSS for Windows ver. 12.0 (SPSS Inc., Chicago, IL, USA). The significance level was set at *p*\<0.05.

Results
=======

The high risk patient of the fracture with osteopenia who had above 3% of 10-year hip fracture probability were observed in 15 cases in group 1 and 121 cases in group 2 when femoral neck T-score was not applied in FRAX calculation. On the other hand, it was decreased to 90 cases (group 1, 17: group 2, 73) when femoral neck T-score in FRAX calculation was added. Total of 136 cases (36.8%) as a high risk of the fracture with osteopenia were overlooked treatment eligibility according to the NOF recommendation in Korea.

In 193 patients of group 1, the mean 10-year probability of hip fracture including femoral neck T-score was 1.39%±1.28% and the mean 10-year probability of hip fracture without femoral neck T-score was 1.23%±1.35%. Also, the mean 10-year probability of major osteoporotic fracture including femoral neck T-score was 6.31%±3.44%, the mean 10-year probability of major osteoporotic fracture without femoral neck T-score was 5.73%±3.49%. The mean 10-year fracture probability with BMD was significantly higher than the results without BMD (hip fracture: *p*=0.04, major osteoporotic fracture: *p*=0.01) ([Fig. 1](#F1){ref-type="fig"}). In 176 patients in group 2, the mean 10-year probability of hip fracture including femoral neck T-score was 3.47%±4.43% and the mean 10-year probability of hip fracture without femoral neck T-score was 5.92%±6.69%. Continuously, the mean 10-year probability of major osteoporotic fracture including femoral neck T-score was 9.56%±6.27%, while the mean 10-year probability of major osteoporotic fracture without femoral neck T-score was 12.21%±8.39%. Unlike the results of the group 1, the mean 10-year fracture probability without BMD was significantly higher than the results with BMD (hip fracture: *p*=0.01, major osteoporotic fracture: *p*=0.01) ([Fig. 2](#F2){ref-type="fig"}). Compared to the CRF of FRAX between two groups, there were higher CRF that contribute to the skeletal fragility in group 2, such as height (*p*=0.013), glucocorticoid use (*p*=0.018), rheumatoid arthritis (*p*=0.005), secondary osteoporosis (*p*=0.001) ([Table 1](#T1){ref-type="table"}).

Discussion
==========

Bone mineral density alone is inadequate in evaluating the risk of osteoporotic fractures \[[@B1],[@B2]\]. Therefore the NOF recommended that pharmacologic treatment must be considered in osteopenia individuals who had a 10-year hip fracture probability ≥3% or major fracture (humerus, forearm, hip or clinical vertebral fracture) probability ≥20% \[[@B8]\]. According to the WHO criteria, osteopenia is defined as a BMD that lies between 1.0 and 2.5 standard deviation below the average value for young healthy women (1.0\<T-score of\<-2.5 SD) \[[@B12]\].

In Koreans, according to our results, total of 136 cases (36.8%) as a high risk of the fracture with osteopenia were overlooked pharmacologic treatment according the NOF recommendation. The HIRA has adopted a simple fixed T-score system to select a patient for pharmacological treatment, minimum threshold with a lower score (-2.5) than the standard T-score. Our results according to the Korean FRAX model and the NOF recommendation demonstrated that the high-risk patients with osteopenia may be neglected in the current system that bases their judgment solely on T-score. Thus, CRF other than BMD should be considered to prevent the fracture.

The WHO developed the FRAX for estimating individualized 10-year fracture probability \[[@B13]\]. FRAX identifies high-risk patients who respond to pharmaceutical intervention, irrespective of whether BMD was used in the calculation of fracture probability \[[@B14]\]. In other words, BMD is an option to calculate the fracture probability \[[@B15]\]. Although BMD is not required to calculate the fracture probability, FRAX results combining CRF with BMD have increased efficiency \[[@B16]\]. Other studies also have been noted that the fracture probability derived with BMD was higher than that without BMD or solely BMD \[[@B15],[@B17],[@B18]\]. Therefore we initially assumed that the fracture probability with BMD was higher than those without BMD. However, over 65-year-old group showed that the mean 10-year fracture probability without BMD was significantly higher than those with BMD. These results based on FRAX model suggest that fracture probability of over 65-year-old group is associated with CRF that contribute to skeletal fragility as important component rather than BMD.

FRAX can be used without BMD when BMD is not available and to determine which patients qualify for BMD examination in some countries. BMD examination had many benefit for fracture risk reclassification of individuals who have an intermediate risk range of the FRAX \[[@B17]\]. Kanis et al. \[[@B14]\] assessed fracture prediction of FRAX with and without BMD and suggested that FRAX could be used without BMD in majority of the cases. They also insisted that BMD examination was reserved for individuals who were close to a probability-based intervention threshold. This study showed that Korean FRAX without BMD could be effective to predict fracture risk and assess treatment intervention in the osteopenia individuals who were specifically over 65 years. The FRAX can be also used as a screening tool to select individuals for subsequent BMD examination \[[@B19]\].

This study was limited by selection bias. Patients were recruited at one center and the nature of this study was retrospective collection and cross-sectional study. The sample size was small and this study couldn\'t suggest a guideline of intermediate risk for BMD examination according to Korean FRAX results. Further investigation is needed to clarify an intermediate risk of Korean FRAX for subsequent BMD examination using a large cohort study.

Conclusions
===========

Total of 136 cases (36.8%) as high risk patients of the fracture with the osteopenia were overlooked treatment eligibility in Korean. The Korean FRAX without BMD could be effective in predicting fracture risk and assessing treatment intervention in the osteopenia individuals who were especially over 65 years.
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